Low-grade chondrosarcoma (LGC) is a very rare intracranial tumor, particularly in the sellar area. Herein, we describe an unusual case of LGC occurring in the sellar area. A 52-year-old man presented with diminution of vision for more than 3 months, but did not exhibit headaches reported in previous cases. MRI showed that the maximum size of the tumor was 7 cm on the left side of the saddle. We characterized the specific pathological characteristics. Histologically, the tumor had polypoid areas and a lobulated growth pattern under low-power examination. At high magnification, the tumor consisted of small cells with hyperchromatic nuclei in the cartilage matrix, with an alternating loose hypocellular zone and rich myxoid area. In our case, LGC needed to be distinguished from chordoma. Immunohistochemically, the tumor cells showed diffuse positivity for S-100 and vimentin, IDH1 was weakly cytoplasm positive. The Ki-67 labeling index was less than 5%. Additionally, AE1/3, EMA, and CK19 were negative, which could be used to exclude chordoma. This case report expands the literature on LGC and will help clinicians and pathologists better understand this entity.
Introduction
Chondrosarcomas are the second most frequent primary malignant bone tumor, characterized by hyaline cartilaginous neoplastic tissue. 1 They account for approximately 25% of all primary bone tumors. 2 Common sites for chondrosarcomas include the pelvis, shoulder, and long bones. 3 Chondrosarcomas are resistant to radiotherapy and chemotherapy, so the main treatment remains surgery. 2 Chondrosarcomas occurring in intracranial regions are rare, representing only 0.15-0.16% of all intracranial tumors. 4 In an analysis of 560 patients with cranial chondrosarcomas, Bloch et al 5 found that 32% of cases involved the clivus and 27% were at the temporo-occipital junction, and there were no definitive data on the incidence of chondrosarcoma in the sellar region. Only 9 cases of intercranial chondrosarcomas in the sellar area have been reported in the literature (Table 1) . [6] [7] [8] [9] [10] [11] [12] [13] [14] Common sellar lesions include pituitary adenomas, craniopharyngiomas, and Rathke's cleft cysts. 15 The majority of neoplasms in the sellar and parasellar regions originate from the pituitary, and only 10% are non-pituitary lesions. 7 Freda et al reported that among 911 cases of sellar lesions, only 83 were non-pituitary lesions, 11% of which were chondrogenic tumors and chordomas. 16 In this study, a case of LGC in the sellar area, which has rarely been reported in the literature, is presented. The clinical symptoms of intracranial chondrosarcoma depend on tumor size, location, and growth rate. The most common clinical manifestation is headache, but this patient only had reduced vision. We describe the clinicopathological and immunohistochemical features of this case of LGC and present a literature review. Our data provide important insights into the differential diagnosis of LGC in the sellar area.
Case Presentation
A 52-year-old man presented with left facial dysfunction and went to a local hospital in 2016. Brain magnetic resonance imaging (MRI) at the local hospital revealed a mass in the saddle area. The tumor was 6.3 cm × 5.8 cm × 4.5 cm. The patient was referred to a tertiary hospital and was diagnosed with a hypophysoma. He received pharmacotherapy and his facial numbness went into mild remission. In 2017, his MRI showed that the tumor grew from 6.3 cm to 7 cm. He continued treatment with medicine. The patient felt that his eyesight diminished further, and in April of 2018, he was admitted to hospital. The patient had no history of trauma, no family history of any hereditary illness, and his neurological examinations were normal.
Preoperative computer tomography (CT) and MRI showed a huge tumor in the sellar area. A CT scan revealed a hyperintense mass with an indistinct boundary located in the saddle area, sphenoid sinus area, and left temporal lobe; the tumor demonstrated expansive growth ( Figure 1A and B ). MRI showed a 7 cm × 6 cm × 5 cm giant irregular mass in the left side saddle, sphenoid sinus, and medial temporal lobe. The tumor presented as non-uniform hyperintense signal on T1weighted images and uniform hyperdense signal on T2weighted images ( Figure 1C and D). Based on preoperative imaging results, the provisional diagnosis was a malignant tumor of the sellar region. A neurosurgeon removed the tumor by transcranial endoscopy. During tumor removal, the surgeon found that the tumor tissue was soft and had a fish-like appearance, with a rich blood supply. The tumor was completely removed piece-by-piece under an endoscope. Postoperative CT imaging on the first day after surgery showed that the tumor was resected ( Figure 1D -F). The patient accepted radiation therapy at the local hospital 1 month later (total dose, 50 Gy; 2 Gy once a day for 4 weeks). At a followup investigation 1 year after tumor resection, the patient's condition was generally good.
Materials And Methods
The resected specimens were fixed in 10% neutral-buffered formalin and routinely processed. Paraffin-embedded blocks were sectioned at a thickness of 5 μm and stained with hematoxylin and eosin. Immunohistochemical investigations were performed using paraffin-embedded tissue samples. The antibodies, clones, working dilutions, and their commercial sources are listed in Table 2 .
Results

Pathological Findings
Grossly, the tumor size was 3.5 cm × 5.1 cm × 2 cm. The main portion of the tumor was semi-translucent and gelatinous. Some areas were polypoid. On sectioning, the tumor was soft, tan-red-whitish, and resembled the flesh of a fish.
Microscopically, the tumor was located within polyp-like tissues, clearly demarcated from normal tissues in the cartilage matrix (Figure 2A and B). The surface of the polyp was covered with columnar epithelial cells. At medium magnification, loose tissue was detected in mucinous areas ( Figure 2C ). The chondroid area with calcification demonstrated that tumor cells were interspersed in trabecular bone, suggesting an invasive manner ( Figure 2D ). The tumor cells were characterized by round nuclei and transparent cytoplasm, with mild cellular atypia ( Figure 2E ). There was noticeably greater cellularity in the tumor edge areas and the tumor displayed lobulation ( Figure 2F ). At high magnification, cells in the rich cellular area had small hyperchromatic nuclei and no mitosis ( Figure 2G ). The chondroid matrix region was juxtaposed with the mucinous area ( Figure 2H ). Nearly all of the tumor cells featured single round nucleoli, some areas showed cytoplasm vacuoles or vesicular nuclei, 
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and binucleate or multinucleated giant cells were mildly atypia ( Figure 2I ). The pathological results support the diagnosis of LGC. In this case, the myxoid matrix-rich region displayed lobulation ( Figure 3A) . Tumor cells formed a web or strands floating in abundant myxoid matrix ( Figure 3B ). Above the myxoid matrix, cells with cytoplasm vacuoles were detected ( Figure 3C ). Some areas showed cells that were plasma-rich with eosinophilic cytoplasm and nuclei exhibiting mild variability ( Figure 3D ). These findings were consistent with chordoma; accordingly, we should distinguish current case from chordoma.
Based on immunostaining, tumor cells were negative for AE1/AE3 ( Figure 4A ) and epithelial membrane antigen (EMA) ( Figure 4B ), while epithelial cells were positive for these markers. These results helped to differentiate between chondrosarcoma and chordoma. The tumor cells were positively stained for S-100 ( Figure 4C ) and exhibited diffuse positive cytoplasmic staining for vimentin ( Figure 4D ), supporting the diagnosis of chondrosarcoma. Compared with the positive control group, the tissue sample from this patient was negative for Cytokeratin 19 (CK19) ( Figure 4E) , which would exclude a diagnosis of chordoma, which is typically characterized by strong and diffuse CK19 expression. Only scattered proliferating cells were positive for the proliferative marker Ki-67; the labeling index was less than 5% ( Figure 4F ). The expression of IDH1 was weakly positive ( Figure 4G ). The remaining antibodies (Chromogranin A, Synaptophysin, Growth Hormone, Adrenocorticotropin, PRL, and TSH) were all negative ( Table 1 ).
Discussion
Chondrosarcoma is a malignant tumor that originates from mesenchymal cells, which differentiate into chondrocytes; it is usually seen in conjunction with the sphenoethmoid bone, spheno-occipital bone, and temporal-occipital bone. 7 From a pathological point of view, chondrosarcoma includes four subtypes: conventional chondrosarcoma, mesenchymal chondrosarcoma, clear cell chondrosarcoma, and dedifferentiated chondrosarcoma. Chondrosarcomas are mostly divided into 3 histological grades, grade I (well differentiated), grade II (moderately differentiated), and grade III (poorly differentiated). 10 Grade I and II chondrosarcomas have good prognosis, whereas grade III chondrosarcomas are associated with a high recurrence rate and metastasis. 9 Intracranial chondrosarcomas are commonly of a low-grade and arise from the skull base, 1 but are rarely observed in the saddle region. There are about 9 reports of chondrosarcoma in the sellar region. Patients with sellar chondrosarcoma usually present with a long history of headache, diplopia, or visual impairment; however, our patient had no obvious headaches, making detection difficult. Therefore, the tumor grew to 7 cm when the patient was diagnosed with LGC; it was the largest such tumor reported to date. Yang et al 12 reported a case that was initially suspected to be a pituitary tumor but was pathologically diagnosed as a sellar chondrosarcoma after surgery; the case had some resemblance to the present case, which was also initially misdiagnosed as a pituitary tumor. Pituitary tumors account for about 15% of primary intracranial neoplasms; 15 they are benign tumors, and pathological results can distinguish between pituitary tumors and chondrosarcomas. Cao et al 9 reported the first case of a sellar chondrosarcoma in which the initial symptom was amenorrhea. Ding et al 6 reported a sellar chondrosarcoma cause by Ollier disease. Zhang et al 7 reported a rare case with headache and blurred vision as the initial presenting symptoms, the difference is that our patient did not have these symptoms. Only Inenaga et al 13 reported a patient who died after the tumor was discovered and treated for 3 years. After treatment, symptoms are typically relieved and patients are generally in a good condition. At 1 year of follow-up, there was no evidence of metastasis in this patient.
Owing to the pathological features of the myxoid matrix, small round nuclei, and cytoplasm vacuoles, LGC can easily be misdiagnosed as chordoma 17 and extraskeletal myxoid chondrosarcoma (EMC), 18 but the biological behaviors, treatment, and prognosis of these diseases differ, emphasizing the importance of accurate identification. Chordomas and chondrosarcomas are two major malignant bone neoplasms occurring at the skull base; 17 chordomas display distinct lobulation, the tumor cells and matrix are separated by fibrous bands, tumor cells form a web or strands, and the fibrous septum is a classic feature. Immunohistochemical analyses of epithelial markers have been used to distinguish between chordomas and chondrosarcomas; 17 chordomas are ectodermal tumors positive for immunophenotypic markers, such as EMA and CK, and chondrosarcomas are mesodermal tumors negative for epithelial markers, like EMA and CK. 19 Therefore the current case can rule out chordoma. EMC is an extremely rare malignant tumor showing malignant chondroblast-like cells in a background of myxoid matrix. 20 It is characterized by hypocellular myxoid nodules separated by fibrous septa of variable thicknesses; 21 immunohistochemistry is positive for vimentin and synaptophysin and negative for S-100 and EMA. In our patient, the diffuse positive signals of vimentin and S-100 and negative signal of synaptophysin helped exclude EMC. Interestingly, our data showed that expression of IDH1 protein weakly positive cytoplasm in some areas. 2013 WHO mentioned that "only a small percentage of IDH1 (approximately 20%) can be identified using the specific IDH1 antibody" in chondrosarcomas. Matthias et al 22 found that chondrosarcomas in skull-base and facial bones, IDH1 mutations rate was respectively 85.7% (24/28), IDH1 may serve as a marker for diagnosis of chondrosarcoma. In current case, IDH1 was weakly positive. Zhang et al 7 reported a chondrosarcoma in the sellar area that IDH1 was nagetive. Nakagawa et al 23 reported about 50% of conventional and dedifferentiated chondrosarcomas harbor IDH mutations, IDH mutations in chondrosarcoma was considered a potential therapeutic target.
Cao et al 9 found that the dura mater, arachnoid, and brain parenchyma are potential origins of intracranial chondrosarcomas other than chondroid tissues or chondroid bone. The treatment of choice for LGC is simple total excision and postoperative adjuvant radiotherapy, which is usually curative, and rare reports have described the occurrence of metastasis after complete excision. The prognostic factors for chondrosarcoma include the size of the surgical excision and whether adjuvant radiotherapy is used after surgery. Bloch et al 5 demonstrated that the 5year mortality rate for patients treated with surgery alone is 26%, and postoperative adjuvant radiation therapy reduced this rate dramatically to 4%. Some recent studies have evaluated potential treatment approaches chondrosarcoma. Chih-Yang Lin et al 24 indicated that BDNF enhances the migration of chondrosarcoma, suggesting that BDNF may become a new target for treating chondrosarcoma metastasis. Jia-Xue Zhu et al 25 showed that SF2523 can potently inhibit chondrosarcoma cell growth in vitro and in vivo. Such studies provide a framework and potential new target for treatment along with strategies for continued research on the mechanism of chondrosarcoma.
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